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(54) Apparatus for generating multiple clock signals of different frequency characteristics 



(57) A terminal includes at least one wireless com- 
munication application module (1) and a plurality of fur- 
ther application modules (4, 5, 6, 8). Multiple radio fre- 
quency clock signals are generated for the different 
modules having respective clock frequency character- 
istics and including at least first and second clock fre- 
quencies that are not integral multiples nor sub-multi- 
ples of each other nor of a third frequency. The clock 
generation comprises reference frequency means (14), 
fractional-N phase-locked loop frequency synthesizer 
means (15) responsive to the reference frequency 



means, and different automatic frequency control 
means for adjusting clock frequencies relative to re- 
ceived signals. 

The reference frequency means (14) is arranged to 
supply a common reference frequency signal to a plu- 
rality of the fractional-N phase-locked loop frequency 
synthesizer means (1 7, 1 8, 1 9, 25, 26 ,41 ,42) that sup- 
ply the first and second clock frequencies respectively 
for the application modules. Selective activation means 
(30,52) selectively activates and de-activates the phase 
lock loop means as required by the corresponding ap- 
plication module or modules. 




Figure 2 
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Description 

Field of the invention 

[0001] This invention relates to clock signal genera- s 
tion and, more particularly, to the generation of multiple 
clock signals of different frequency characteristics for 
portable wireless communication terminals having more 
than one application capability. The term clock signals, 
as used herein, is to be understood as including sinu- 
soidal, square-wave and other shaped signals defining 
a frequency and/or phase reference as well as to pulse 
clock signals and the term radio frequency is used here- 
in to refer to frequencies exceeding approximately 
1MHz. 

Background of the invention 

[0002] End user terminals for wireless communication 
systems (including radio and television) and portable 
cellular phones should be small, lightweight and inex- 
pensive and have low power consumption. 
[0003] The first generation of cellular telephone sys- 
tems relied on analogue frequency modulation for 
speech transmission, and several standards have been 
developed, such as NMT450, NMT900, AMPS, and 
ETACS. The second generation of cellular systems is 
based on three different standards: in Europe and some 
countries in Asia and Australia-Global System For Mo- 
bile Communications (GSM), in north America-Ameri- 
can Digital Cellular (ADC), and in Japan-Pacific Digital 
Cellular (PDC). These second generation systems all 
employ digital transmission for voice and data, including 
some digital services such as facsimile transmission 
and short messages. To make the portable terminals 
smaller and less expensive they make extensive use of 
integrated circuits. Most user terminals for 1 st and 2 nd 
generation systems are simple telephone terminals op- 
erating with a single telephone system and with limited 
data processing capability, such as personal data as- 
sistants ('PDA's - diary, reminder, notebook) and simple 
games. 

[0004] A wireless telephone user terminal (or hand- 
set) for GSM is described in US Patent 5493 700, as- 
signed to the assignee of the present invention. This us- 
er terminal includes a reference frequency generator 
comprising a crystal resonator supplying a fractional-N 
phase-locked loop frequency synthesizer, the frequency 
being corrected by synchronisation relative to a frequen- 
cy of the received wireless communication signal. 
[0005] Communication systems are now being pre- 
pared according to a third generation of standards. 
Among 3 rd generation cellular standards are the UMTS 
3GPP (3 rd generation Partnership Project) and 3GPP2 
standards,of the European Telecommunications Insti- 
tute ('ETSI'), the International Mobile Telecommunica- 
tions-2000 ('IMT-2000') standards. It is desirable for the 
3 rd generation user terminals to be capable of function- 



ing on at least the local 2 nd generation standards as well 
as the 3 rd generation standards, especially during the 
period of introduction of the 3 rd generation and until its 
coverage is as extensive as the 2 nd generation. Howev- 
er, the radio frequency ('RF') signals for the two gener- 
ations are different and are not simple integer multiples 
or sub-multiples of each other. 

[0006] In addition, the user terminals for 3 rd genera- 
tion wireless telephony are inherently capable of adap- 
tation to function with accessories (headsets, printers, 
or local area networks, for example) and download of 
media (music, speech and video over the Internet) by 
short-range wireless communication with the co-oper- 
ating devices. The personal area network standards, 
such as BlueTooth, the digital-to-analogue and ana- 
logue-to-digital converters in the audio channels in- 
volved, the inclusion of powerful microprocessors and 
the addition of location-aware services requiring wire- 
less communication with triangulation sources, such as 
the Global Positioning System ('GPS'), increase very 
significantly the number of different, high precision radio 
frequency clock signals that must be generated and, es- 
pecially at radio frequencies, the generation of suffi- 
ciently accurate and precise clock signals tends to be 
expensive and to have high power consumption levels. 
[0007] Moreover, the frequency synthesizers used in 
the wireless transmitter and receiver stages of the dif- 
ferent wireless communication applications often need 
to be synchronised separately relative to the respective 
received signals by automatic frequency control and the 
clock signals used for internal signal processing and da- 
ta processing need to be controlled relative to the fre- 
quencies used in the transmitter and receiver stages. In 
particular, the different radio communication units in the 
terminal, such as GSM and WBCDMA and Bluetooth 
and GPS, for example need to be synchronized sepa- 
rately relative to the respective types of base stations, 
that is to say the GSM Base station, WBCDMA base 
station, Bluetooth master unit and GPS satellite master 
unit, in these examples, which are not synchronized be- 
tween themselves. It is possible, but undesirable for 
several reasons, to provide separate crystal frequency 
references for the respective radio communication 
units, each crystal using its own automatic frequency 
correction to synchronize to the respective system net- 
works separately. 

[0008] The present invention provides an effective rel- 
atively low energy-consumption means of providing 
multiple clock frequencies. The invention is applicable 
to wireless telephony and also to other apparatus where 
multiple clock frequencies are required. 

Summary of the invention 

[0009] The present invention provides apparatus for 
generating a plurality of radio frequency clock signals 
as described in the accompanying claims. 
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Brief description of the drawings 
[0010] 

Figure 1 is a block schematic diagram of a portable 
wireless communication terminal having several 
application capabilities, which is not in accordance 
with the present invention, 

Figure 2 is a block schematic diagram of a portable 
wireless communication terminal having several 
application capabilities in accordance with one em- 
bodiment of the present invention, 

Figure 3 is a block schematic diagram showing the 
clock generation of the terminal of Figure 2 in a 
mode in which a GSM application in a telephony 
module is active for voice communication and a 
WBCDMA application in the telephony module is on 
standby (monitoring), 

Figure 4 is a block schematic diagram showing the 
clock generation of the terminal of Figure 2 in a 
mode in which the GSM telephony application is 
monitoring and the WBCDMA telephony application 
is active for voice communication, 

Figure 5 is a block schematic diagram showing the 
clock generation of the terminal of Figure 2 in a 
mode in which the WBCDMA application is active 
for voice and video communication, a video camera 
and the USB are active, and a Bluetooth module is 
active to couple a headset for the voice communi- 
cation, 

Figure 6 is a block schematic diagram showing the 
clock generation of the terminal of Figure 2 in a 
mode in which the GSM and WBCDMA telephony 
module is on standby (monitoring), with an organ- 
iser ('PDA') module active using a USB connection, 

Figure 7 is a block schematic diagram showing the 
clock generation of the terminal of Figure 2 in a 
mode in which the GSM and WBCDMA telephony 
module is on standby, the Bluetooth module is ac- 
tive to couple an MP3 player and a stereo (high fi- 
delity) audio coder/decoder is active, 

Figure 8 is a block schematic diagram showing the 
clock generation of the terminal of Figure 2 in a 
mode in which the GSM and WBCDMA telephony 
module is switched off and the PDA module is on 
standby, 

Figure 9 is a block schematic diagram showing the 
clock generation of the terminal of Figure 2 in a 
mode in which the GSM and WBCDMA telephony 
module, the Bluetooth module and the PDA module 



are on standby, and 

Figure 1 0 is a block schematic diagram showing the 
clock generation of the terminal of Figure 2 in a 
5 mode with only the PDA module active and with the 
Bluetooth module on standby, and 

Figure 11 is a schematic diagram of a multi-accu- 
mulator PLL frequency synthesizer in the terminal 
10 of Figure 2. 

Detailed description of the preferred embodiments 

[0011] The embodiments of portable wireless corn- 
's munication terminals shown in the drawings by way of 
example include a base band wireless cellular telepho- 
ny module 1 that processes signals at base band fre- 
quencies, adapted for operation on the 2 nd generation 
GSM standard and on the 3 rd generation WCDMA 
20 standard. The terminals also include modules 5 and 6 
for wireless communication over a personal area net- 
work ('LAN') with other equipment and accessories in 
the vicinity, such as a head-set comprising ear-phones 
and a microphone, and a printer, for example. The ap- 
25 plication processor 6 may also provide other functions, 
such as games, with the possibility of communicating 
with other terminals. The terminals also include a GPS 
module 8 for wireless communication with satellites of 
the Global Positioning System to provide positional in- 
30 formation. It will be appreciated that the present inven- 
tion is also applicable to other wireless communication 
standards. 

[0012] The embodiments of portable wireless com- 
munication terminals shown in the drawings by way of 
35 example also include other modules in wired connec- 
tion, including a video camera 7 and audio coder/decod- 
ers ('Codecs') 38 and 39. 

[0013] The power consumptions of the individual 
modules are substantial and it is important to be able to 

40 activate and de-activate, at least partially, the different 
modules as and when they are needed. The activation 
and de-activation can be performed manually but, es- 
pecially in order to be able to provide standby modes in 
which the modules monitor the arrival of in-coming sig- 

45 nals or other events that require full activation of the 
modules and to shut the modules down at least partially 
during periods of inactivity, standby managers 30 and 
52 are provided to activate and de-activate the modules 
automatically. 

so [001 4] Referring first to Figure 1 of the accompanying 
drawings, the terminal shown, which is not in accord- 
ance with the present invention, includes a base band 
module 1 that processes signals at base band frequen- 
cies and co-operates with a receiver and transmitter 

55 section (not shown). Frequency synthesisers 2 and 3 
generate frequency reference signals respectively at 
13.0MHz for GSM communications and at 1 5.36MHz for 
WCDMA communications. A power and audio manage- 
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ment module 4 receives reference frequency signals at 
the 13.0MHz or 15.36MHz frequencies, according to 
whether communications are occurring in GSM or 
WCDMA standard. The terminal also includes a Blue 
Tooth module 5 for communication within a Personal Ar- 5 
ea Network ('PAN') with other devices and accessories, 
such as a head-set, a printer, a personal computer, for 
example. The terminal also includes an application 
processor module that includes control units (not 
shown) for controlling the operations of the other mod- 
ules and that generates a reference frequency signal at 
12.0MHz, which it supplies to the Blue Tooth module 5. 
A video camera 7 also receives the frequency reference 
signal at 1 2.0MHz from the application processor 6. The 
terminal also includes a GPS module 8 for receiving sig- 
nals from the global positioning system satellites and 
calculating positional information by triangulation. 
[0015] In order to generate different reference fre- 
quencies, the terminal includes a crystal 9 tuned to 
26.0MHz for the GSM module 2, a crystal tuned to 
15.36MHz forthe WCDMA module 3, a crystal 11 tuned 
to 12.0MHz for the application processor 6, the Blue 
Tooth module 5, and the camera 7, and a crystal 12 
tuned to 24.5534MHz forthe GPS module 8. In addition 
to these four radio frequency tuned crystals, the terminal 
also includes a crystal 13 tuned to a substantially lower 
frequency of 32.768kHz for the power and audio man- 
agement module 4, the corresponding reference fre- 
quency also being supplied to the 3GBB module 1 and 
the application processor 6 for the audio channels. 
[0016] The use of four radio frequency crystals in the 
terminal is expensive. In addition, the resulting refer- 
ence frequencies are not synchronised relative to each 
other and this causes problems when two or more mod- 
ules with different reference frequencies are co-operat- 
ing together. 

[0017] Figure 2 shows a terminal in accordance with 
a preferred embodiment of the present invention, which 
includes modules whose functions are basically similar 
to those of the terminal shown in figure 1 and that have 
similar references. Thus, the terminal includes a 3G 
base band processor 1 , a power and audio manage- 
ment module 4, a Blue Tooth transmitter/receiver mod- 
ule 5, an application processor module 6, and a video 
camera 7. The terminal also includes a 32.768kHz crys- 
tal 13. 

[0018] On the other hand, all the radio frequency ref- 
erence frequencies and other clock signals are derived 
from a single, common free running crystal controlled 
oscillator ('VCO') 14 tuned to 26.0MHz. The common 
crystal 1 4 is coupled to a multiple frequency synthesiser 
and divider module 1 5 that produces several reference 
frequency outputs with medium frequency precision (in 
this example +/-2 ppm). In order to obtain a higher de- 
gree of frequency precision tolerance, a cellular inter- 
face module 16 produces reference frequency signals 
that are corrected using automatic frequency control 
("AFC") derived from the received cellular telephone 
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signals (GSM or WCDMA) once communication has 
been established. 

[001 9] In more detail, the frequency synthesiser 1 5 in- 
cludes frequency synthesiser elements 17, 18 and 19 
that receive the frequency reference signal from the 
common crystal and associated oscillator 14 and pro- 
duce the appropriate frequencies for reception and 
transmission in the cellular telephone systems as a 
function of the actual RF channel number ("ARFCN") 
and the AFC signals when available. In particular, the 
synthesiser element 1 7 generates signals for the GSM 
receiver and transmitter sections, the synthesiser ele- 
ment 1 8 generates clock signals for the UMTS receiver 
section and the synthesiser element 1 9 generates clock 
signals for the UMTS and GPRS transmitter sections. 
[0020] In addition, the frequency synthesiser section 
1 5 includes divider and low path filter elements 20 to 24 
that generate sine wave signals directly from the fre- 
quency reference signal from the common crystal and 
associated oscillator 14. The divider element 20 gener- 
ates a sinusoidal signal at 26MHz or 1 3MHz that is sup- 
plied to the cellular interface 16, the divider element 21 
generates a 26MHz sinusoidal signal that is supplied to 
the GPS module 8, the divider element 23 generates a 
13MHz sinusoidal signal that is supplied to the Blue 
Tooth module 5 and the divider element 24 generates a 
13MHz sinusoidal signal that is supplied to the power 
and audio management module 4. Separate divider and 
low path filter elements are used even where identical 
frequencies are generated, to avoid disturbance to the 
clock signal supplied to one module when a second 
module using the same frequency is activated or de-ac- 
tivated. 

[0021] The cellular interface module 1 6 includes frac- 
tional-N PLLfrequency synthesiser elements 25 and 26. 
The element 25 provides a 13 MHz signal for the GSM 
application of the 3G base band processor module 1 , 
corrected by the AFC signal to achieve a more accurate 
frequency precision (± 0.1 ppm in this example). The 
PLL synthesiser 26 converts the 1 3.0MHz signal from 
the divider element 20 to 1 5.36MHz and corrects by the 
AFC signal from WCDMA communication when availa- 
ble. The square wave signals from the cellular interface 
module 1 6 are supplied to the cellular modem processor 
module 1 , where they are used to time the protocol for 
frame reception and transmission of the cellular tele- 
phone communications. 

[0022] The clock signals from the synthesiser ele- 
ments 25 and 26 are also supplied to a multiplexer 27 
in the 3G base band processor 1 that selects the signal 
corresponding to the mode of operation (GSM or WCD- 
MA) of the processor 1 and supplies the corresponding 
signal to multiplexers 28 and 29 in the power and audio 
management module 4. The multiplexers 28 and 29 also 
receive the clock signal from the divider element 24 of 
the synthesiser section 15 and the multiplexer 29 also 
receives the 32kHz signal from the crystal and oscillator 
13. 
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[0023] The 3G base band processor 1 and the fre- 
quency synthesiser elements 17, 18 and 19 of the syn- 
thesiser section 15 and 25, 26 of the cellular interface 
16 have relatively high power consumption. According- 
ly, in addition to the full operational mode, in which all s 
these elements are normally supplied with power, and 
an "off" mode in which all these elements are de-acti- 
vated, so that they are switched off and their power con- 
sumption is substantially zero, a stand-by or "monitor- 
ing" mode is provided in which the relevant element or 
elements are activated only intermittently to check for 
the reception of wireless signals, this mode being con- 
trolled automatically or possibly manually by deep sleep 
manager elements 30 in the 3G base band processor 1 
and 52 in the application processor module 6 (to man- 
age the standby modes of the other modules even when 
the other deep sleep manager is off. In cellular tele- 
phone operation, when the 3GBB applications are on, 
the deep sleep manager 30 or 52 activates the cellular 
interface 16 and the synthesiser elements 17 to 19. 
When the 3G applications are off, in the absence of an 
activation signal from the processor 1 or 6, the cellular 
interface 1 6 and the synthesiser elements 1 7 to 1 9 are 
put in battery save mode. In stand-by mode, the deep 
sleep manager 52 is energised and intermittently acti- 
vates the cellular interface 16 in response to received 
wireless signals, the synthesiser elements 17 to 19 be- 
ing continuously activated. In order to enable the Blue 
Tooth clock signal to be generated for the Blue Tooth 
module when the 3G applications are not activated, a 
further stand-by control signal is generated by a Blue 
Tooth application module 31 in the application processor 
6 and applied to the synthesiser section 15 to enable 
the crystal and oscillator 14 and divider 23 to produce 
the clock signal for the Blue Tooth module 5. 
[0024] The processor 1 also generates higher fre- 
quency clock signals for a digital signal processor 32 at 
170MHz, a micro controller unit 33 at more than 95MHZ 
and a universal serial bus ("USB") 34 at 48 MHz. The 
processor 1, synthesiser section 15 and cellular inter- 
face 16 also generate clock signals for internal func- 
tions. All these clock signals are derived ultimately from 
the common crystal oscillator 14. 
[0025] In order to supply the USB when the processor 
1 is de-activated, a PLL oscillator 35 is provided in the 
power and audio management module 4 and a PLL os- 
cillator 36 is provided in the application processor 6. A 
PLL oscillator 37 in the application processor 6 also gen- 
erates a clock signal at 200MHz from the low frequency 
32.768kHz clock signal. 

[0026] In partial operation, stand-by or enable control 
signals from the application processor can activate and 
de-activate further elements within the synthesiser sec- 
tion 15, and even the reference frequency generator 14 
including the common RF crystal, to minimise power 
consumption and additionally, the stand-by control sig- 
nal from the deep sleep manager 30 or 52 may be ar- 
ranged to activate one only of the synthesiser elements 
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25 and 26 and the cellular interface 1 6 to avoid the pow- 
er consumption of both elements when the portable ter- 
minal is operating in a single mode. 
[0027] The power and audio management module 4 
controls the multiplexers 28 and 29 to select the source 
for the clock signal that is applied to a coder/decoder 
element ("CODEC") element 37 for voice communica- 
tion and another clock signal that is applied to a stereo 
CODEC (for high fidelity sound) 38. The multiplexer 29 
selects the clock signal from multiplexer 27 to generate 
an AFC corrected clock signal when operating in voice 
mode communication either in GSM or WCDMA or the 
clock signal from divider 24 in the synthesiser 1 5 which 
is not AFC when operating in play back mode from wire 
connected or internal memory sources or when no cel- 
lular telephony application is running. The clock signal 
from divider 24 typically has less than 100 ps of jitter in 
this example which enables the PLO 35 to generate a 
low jitter signal for the stereo CODEC at higherfrequen- 
cies. The multiplexer 28 supplies a clock signal from the 
multiplexer 27 or the divider 24 to the PLL synthesiser 
36 of the application processor 6 and the camera 7. 
[0028] For voice, the following combinations are sup- 
ported 



System Clock 


Word Clock 


13M/15.36M 


8K 



[0029] For stereo audio use the following combina- 
tions are supported 



System Clock 


Word Clock 


13M/15.36M 


48.000 K 


13M/15.36M 


44.100 K 


13M/15.36M 


32.000 K 


13M/15.36M 


24.000 K 


13M/15.36M 


22.050 K 


13M/15.36M 


16.000 K 


13M/15.36M 


12.000 K 


13M/15.36M 


11.025 K 


13M/15.36M 


08.000 K 



[0030] Also, for the Universal Serial Bus (USB), there 
is a need to generate a clock at 48Mhz with a low clock 
jitter less than 100ps . This clock is derived also from 
the clock source 14 and 24. This clock has low jitter 
since it is directly from the crystal clock 14. 
[0031] The Blue Tooth module 5 includes a fraction- 
al-N PLL frequency synthesiser that receives a clock 
signal from divider 23 in the synthesiser module 1 5 and 
to which an AFC correction is applied derived from the 
signal received from the master terminal in the local area 
network of the Blue Tooth system, this clock signal being 
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used for the transmitter and receiver sections. The local 
area network may include a headset with earphones 
used for sound output and a microphone for sound input 
and coupled to the power and audio management sec* 
tion. The Blue Tooth module may also provide commu- 5 
nications with a printer in the local area network, for ex- 
ample, communicating with a personal digital assistant 
(PDA) in the application processor. The Blue Tooth mod- 
ule 5 also includes a fractional-N PLL synthesiser 40 
that produces a 24MHz clock signal from the clock sig- 
nal of divider 23 with AFC to the Blue Tooth master sta- 
tion signal, and a divider 41 that derives an 8MHz clock 
signal from the output of the synthesiser element 40, the 
8MHz clock signal being supplied to the Blue Tooth ap- 
plication element 31 in the application processor module 
6. 

[0032] The GPS module 8 includes a fractional-N PLL 
synthesiser 42 that produces a clock signal from the 
clock signal of divider 21 with AFC to the received signal 
from the GPS satellites. 

[0033] It will be appreciated that all the modules 1 , 4, 
5, 6, 8, 15 and 16 include fractional-N PLL synthesiser 
elements, the primary reference signal for which is the 
common crystal oscillator 14. Each of these modules is 
selectively activated or de-activated, so that the power 
consumption of the frequency synthesiser element as- 
sociated is only incurred when the corresponding appli- 
cation is operational. Different modes of partial opera- 
tion are possible as summarised in the following table. 
[0034] Each synthesizer (17, 18, 19, 25, 26, 41, 42) 
has the capability to perform digital Automatic frequency 
correction (AFC) independently to provide frequency 
values, the AFC for GSM being different from the AFC 
for Bluetooth or for GPS, for example. The use of frac- 
tionnal-N PLL synthesizers allows high resolution of fre- 
quency adjustment for the digital AFC capabilities. 
[0035] Figures 3 to 1 0 show examples of clock gen- 
eration in partial operation of the terminal. 
[0036] In Figure 3, the GSM application in the cellular 
telephony module is active for voice communication and 
the WBCDMA application is on standby. The reference 
frequency signal at 26 MHz from the divider 20 is sup- 
plied to the fractional-N PLL synthesizers 25 and 26 in 
the cellular interface module 16, which supply square 
wave clock signals at 1 3MHz and 1 5.36MHz respective- 
ly to a precision of ±0.1 ppm. The multiplexers 27 and 
28 select the 13MHz clock signal for the voice Codec 
38. The 32 kHz clock signal is supplied to the deep sleep 
manager 52 and the PLL frequency synthesizer 37 for 
the micro-controller unit of the application processor 6. 
[0037] In Figure 4, the GSM telephony application is 
monitoring and the WBCDMA telephony application is 
active for voice communication. The reference frequen- 
cy signal at 26 MHz from the divider 20 is supplied to 
the fractional-N PLL synthesizers 25 and 26 in the cel- 
lular interface module 16, which supply square wave 
clock signals at 13MHz and 15.36MHz respectively to a 
precision of ±0.1 ppm. The multiplexers 27 and 28 select 



the 15.36MHz clock signal for the voice Codec 38. The 
32 kHz clock signal is supplied to the deep sleep man- 
ager 52 and the PLL frequency synthesizer 37 for the 
micro-controller unit of the application processor 6. 
[0038] In both the cases of Figures 3 and 4, the fre- 
quency synthesizers for the standby telephone applica- 
tion may be energised only intermittently. 
[0039] In Figure 5, the WBCDMA application is active 
for voice and video communication, the video camera 7 
and the USB 34 are active, and the Bluetooth module 5 
is active to couple a headset for the voice communica- 
tion. The reference frequency signal at 26 MHz from the 
divider 20 is supplied to the fractional-N PLL synthesiz- 
ers 25 and 26 in the cellular interface module 16, which 
supply square wave clock signals at 13MHz and 
15.36MHz respectively to a precision of ±0.1 ppm. The 
multiplexers 27 and 28 select the 1 5.36MHz clock signal 
for the voice Codec 38. The multiplexers 29 selects the 
1 5.36MHz clock signal for the camera 7, and the divider 
36 for the USB 34. The Blue Tooth module 5 receives 
the reference frequency sine signal from the divider 23 
and the divider 41 supplies the 8 MHz clock signal to the 
Blue Tooth application 31 . The 32 kHz clock signal is 
supplied to the deep sleep manager 52 and the PLL fre- 
quency synthesizer 37 for the micro-controller unit of the 
application processor 6. 

[0040] In Figure 6, the GSM and WBCDMA telephony 
module is on standby (monitoring), with the organiser 
('PDA') module active using a USB connection. A stand- 
by signal from the deep sleep manager 30 controls the 
intermittent operation of the cellular interface 1 6 and the 
cellular modem processor 1 . The reference frequency 
signal at 26 MHz from the divider 20 is supplied to the 
fractional-N PLL synthesizers 25 and 26 in the cellular 
interface module 16, which are intermittently awoken to 
supply square wave clock signals at 13MHz and 
15.36MHz respectively to a precision of ±0.1 ppm. The 
multiplexer 28 and 29 select the non-AFC 13MHz fre- 
quency reference sine signal from the divider 24 for the 
voice Codec 38 and for the divider 36 for the USB 34, 
respectively. 

[0041 ] In Figure 7, the GSM and WBCDMA telephony 
module is on standby, the Bluetooth module is active to 
couple an M P3 player and the stereo (high fidelity) audio 
coder/decoder 39 is active. The cellular interface 1 6 and 
cellular modem processor 1 are awoken intermittently, 
as in Figure 6 and the Blue Tooth module 5 receives the 
reference frequency sine signal from the divider 23 and 
the divider 41 supplies the 8 MHz clock signal to the Blue 
Tooth application 31 . The 32 kHz clock signal is supplied 
to the deep sleep manager 52 and the PLL frequency 
synthesizer 37 for the micro-controller unit of the appli- 
cation processor 6. 

[0042] In Figure 8, the GSM and WBCDMA telephony 
module 1 is switched off and the PDA module is on 
standby. The cellular interface 16 is switched off. The 
deep sleep manager 52 applies a standby signal to 
awaken the crystal controlled oscillator 14 and the di- 
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vider 24 intermittently. The frequency synthesizers 17, 
18 and 19 are switched off. The 32 kHz clock signal is 
supplied to the deep sleep manager 52 and the PLL fre- 
quency synthesizer 37 forthe micro-controller unit of the 
application processor 6. 

[0043] In Figure 9, the GSM and WBCDMA telephony 
module, the Bluetooth module and the PDA module are 
on standby. The deep sleep manager 52 applies a 
standby signal to awaken intermittently the crystal con- 
trolled oscillator, the cellular interface 1 6, the frequency 
synthesizers 17, 18 and 19 and the dividers 20, 23 and 
24. The 32 kHz clock signal is supplied to the deep sleep 
manager 52 and the PLL frequency synthesizer 37 for 
the micro-controller unit of the application processor 6. 
[0044] In Figure 10, only the PDA module is active and 
the GSM and WBCDMA telephony module and the 
Bluetooth module are on standby. The deep sleep man- 
ager 52 applies a standby signal to awaken intermittent- 
ly the crystal controlled oscillator, the cellular interface 
16, the frequency synthesizers 17, 18 and 19 and the 
dividers 20, 23 and 24. The 32 kHz clock signal is sup- 
plied continuously to the deep sleep manager 52 and 
the PLL frequency synthesizer 37 for the micro-control- 
ler unit of the application processor 6 but only intermit- 
tently to the PLL synthesizer 32. 

[0045] The frequency synthesiser elements 17, 18 
and 19 may be of the kind including multi-accumulator 
elements as described in US Patent 5493700. However, 
in the preferred embodiment of the present invention, 
each of the reference PLL frequency synthesizers 25 
and 26 is of the kind shown in Figure 1 1 , which compris- 
es a voltage-controlled oscillator ('VCO') 43, whose out- 
put signal is supplied to a frequency divider 44 that di- 
vides the frequency of the VCO by an integer factor M 
to obtain the PLL frequency synthesizer output signal. 
The output signal of the VCO 43 is also supplied to a 
frequency divider 45 that divides the frequency of the 
VCO by an integer factor N, the frequency divider 45 
being connected in a feedback loop. The frequency di- 
vider 45 includes a multi-accumulator section 46 that en- 
ables the factor N to be selected and to which the digital 
AFC may be applied. The phase of the output signal 
from the frequency divider 45 is compared with the 
phase of the frequency reference from the crystal-con- 
trolled oscillator 1 4 in a phase comparator charge pump 
device 47. The phase comparator charge pump device 
47 supplies resistor-capacitor circuits 48 and 49 that 
supply a correction signal to the VCO 43 that is a func- 
tion of the difference in phase between the signals from 
the divider 45 and the crystal -control led oscillator 14. 



Claims 

1. Apparatus for generating a plurality of radio fre- 
quency clock signals, as defined herein, for use by 
a plurality of application modules including at least 
one wireless communication module (1) that com- 



prises transmitter and receiver means for wireless 
communication and further application modules (4, 
5, 6, 8), said clock signals having respective clock 
frequency characteristics and including at least first 
5 and second clock frequencies that are not integral 
multiples nor sub-multiples of each other nor of a 
third frequency, said apparatus comprising refer- 
ence frequency means (14) andfractional-N phase- 
locked loop frequency synthesizer means respon- 
se sive to said reference frequency means, and auto- 
matic frequency control means for adjusting clock 
frequencies relative to received signals 
characterised in that said reference frequency 
means (14) is arranged to supply a common ref er- 
rs ence frequency signal to a plurality of said fraction- 
al-!^ phase-locked loop frequency synthesizer 
means (17, 18, 19, 25, 26, 41, 42) that supply said 
first and second clock frequencies respectively for 
said application modules (4, 5, 6, 8), said apparatus 
20 comprising selective activation means (30, 52) for 
selectively activating and de-activating at least one 
of said plurality of phase lock loop means (17, 18, 
1 9, 25, 26, 41 , 42) as required by the corresponding 
application module or modules. 

25 

2. Apparatus as claimed in claim 1 , wherein said fre- 
quency synthesizer means (17, 18, 19, 25, 
26,41 ,42) include programmable frequency divider 
means (20 to 24). 

30 

3. Apparatus as claimed in claim 1 or claim 2, wherein 
said respective clock frequency characteristics in- 
clude respective clock frequency precision toler- 
ances. 

35 

4. Apparatus as claimed in any preceding claim, 
wherein at least one of said frequency synthesizer 
means (17, 18, 19, 25, 26, 41,42) comprises syn- 
chroniser means for synchronising the correspond- 

40 ing clock signal with a frequency of a received wire- 
less communication signal, said selective activation 
means (30, 52) being arranged to activate and de- 
activate selectively said synchroniser means and 
the corresponding application module or modules 

45 ( 4| 5, 6, 8). 

5. Apparatus as claimed in any preceding claim, 
wherein at least one of said frequency synthesizer 
means (17, 18, 19, 25, 26, 41 , 42) has a synchro- 

50 nisation value different from the synchronisation 
value of the otherfrequency synthesizer means (1 7, 
18, 19, 25, 26, 41,42). 

6. Apparatus as claimed in any preceding claim , 
55 wherein at least one of said frequency synthesizer 

means (17, 18, 19, 25, 26, 41, 42) produces a ref- 
erence frequency without synchronising the corre- 
sponding clock signal with a frequency of a received 
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wireless communication signal. 

7. Apparatus as claimed in any preceding claim, 
wherein said selective activation means (30, 52) is 
arranged to activate at least one of said frequency 5 
synthesizer means (17, 18, 19, 25, 26, 41, 42) at 
intervals during a standby phase of the correspond- 
ing application module (4, 5, 6, 8). 

8. Apparatus as claimed in any preceding claim, com- 10 
prising two of said selective activation means (30, 

52) both enabled to activate the reference frequen- 
cy sources (14, 20, 21 , 22, 23, 24). 

9. Apparatus as claimed in claim 8, wherein said se- is 
lective de-activation means (30, 52) are arranged 

to de-activate a given reference frequency source 
(14, 20, 21 , 22, 23, 24) only if both of the selective 
de-activation (30, 52) signal de-activation of that 
source. 20 



14. Apparatus as claimed in claim 13, wherein said fur- 
ther reference frequency means (1 3) is arranged to 
deliver two outputs, one for said wireless commu- 
nication module (1) and one for said further appli- 
cation modules (6), and wherein said output for said 
wireless communication module (1) may be disa- 
bled or enabled by the application processor. 



10. Apparatus as claimed in any preceding claim, 
wherein said transmitter and receiver means in- 
cludes first and second wireless communication 
means for wireless communication according to 25 
first and second standards respectively, said trans- 
mitter and receiver means being responsive to said 
first and second clock signals for said first and sec- 
ond standards respectively. 

30 

1 1 . Apparatus as claimed in claim 1 0, wherein said first 
wireless communication means comprises a wire- 
less telephony application (1 ) and said second wire- 
less communication means comprises a data trans- 
mission application (5, 31). 35 

12. Apparatus as claimed in any preceding claim, 
wherein at least a second one of said application 
modules comprises base-band signal processing 
means (4, 6) for processing signals from more than 40 
one other application, said selective activation 
means (30,52) supplying different clock signals to 
said base-band signal processing means (4, 6) de- 
pending on the application whose signals it is 
processing. 45 

13. Apparatus as claimed in any preceding claim, and 
including further reference frequency means (13) 
defining at least one reference frequency substan- 
tially lower than radio frequency and further frac- so 
tional-N phase-locked loop frequency synthesizer 
means (37, 32) responsive to said further reference 
frequency means (13), said selective activation 
means (30,52) being arranged to activate and de- 
activate selectively said further phase lock loop 55 
means (37, 32) as required by the corresponding 
application. 
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